RESULTS
By analyzing the data of the 2010-2014 national health and nutrition survey, a total of 17,601 participants out of adults over 19 years old were divided into groups of 7,369 (42%) sleeping less than six hours (short sleeping duration), 8 ,918 (51%) sleeping 7-8 hours (normal sleeping duration), and 1,314 (7%) sleeping more than nine hours (long sleeping duration). Among the participants who answered the questionnaire the stroke prevalence was 2% (n=360).
The characteristics of participants in each sleep group are arranged in Table 1 . The mean age of participants in the group of short sleeping duration was 47.9±16.0, significantly higher than participants in the groups of normal sleeping duration. The lower the income and education the more were in the group of long sleeping duration. The higher the BMI, the more were in the group of short sleeping duration, and less in the groups of normal and long sleeping duration. More participants who were bed rested in the last month were in the group of short sleeping duration than in the normal sleeping duration group, and compare to the ones who were healthy they belonged more in the short sleeping duration group than long sleeping duration group. More participants with dyslipidemia, diabetes, and hypertension were in the group of short sleeping duration compared with the participants without illness (Table 1) .
Concerning the mental health of men and women according to the sleeping duration, both men and women slept shorter hours in the group with much stress, and the group with less stress mostly slept for 7-8 hours. In cases with depressive symptom, thoughts of suicide, or psychiatric counseling, more were in the groups of short or long sleeping duration, compared to the ones without psychiatric illness (Table 2) . However, overall stroke prevalence and psychological factor did not show significant association (Table 3) . Table 4 verifies the relative risk of stroke in each group of sleeping duration crudely and by adjusting confounding factors, with the group of normal sleeping duration as the reference. The odds ratio was primarily adjusted for sociodemographic characteristics variable (PR1). Secondary adjustment added the life style variable (PR2), the third adjustment added the medical history variable to the PR2 (PR3), and lastly the fourth adjustment added the mental health variable as well as PR3 to consider all four categories of confounding factors (PR4). In the analysis of the total participants, when adjusting the sociodemographic characteristic, life style, and medical history, the group of long sleeping duration showed significantly higher stroke OR than the group of normal sleeping duration (OR=1.96, 95% CI 1.06-3.61). However in case of male participants, the relative risk of stroke related to sleeping duration did not show up despite adjusting all the confounding variables. But in case of female participants, the group of long sleeping duration showed higher OR value compared to the normal sleeping duration group in all areas from PR1 to PR4 considering confounding factors. In our study, by analyzing and adjusting confounding factors that can influence sleeping duration and stroke, sleeping for more longer than nine hours showed higher stroke prevalence compare to normally sleeping for [7] [8] hours. Especially in stratified analysis of males and females, male participants did not show association between sleeping duration and stroke prevalence, but longer sleeping duration and higher stroke prevalence were more closely associated in female participants.
Decrease in sleeping duration and quality of sleep was related to mental and physiological problems and could influence the endocrine system, immune system, and metabolism, and eventually have a negative influence in the quality of life. 6 Jing Fang et al. conducted a study in the United States which showed that more than 29% of adults sleep less than six hours and 9% sleep more than nine hours, and these sleeping duration have a significant association with high stroke prevalence. 3 Apart from this result, when sleeping duration becomes short or long the prevalence of chronic life style diseases such as depression, obesity, coronary heart disease, and total cardiovascular disease, etc. and mortality rises as well. This trend is consistently shown in several studies regardless of nationality and race. 4 7 The association between sleeping duration and onset of stroke has been identified in existing large-scale population data, but the significance according to age and sex has not been clarified due to different study results. A year's National Health Interview Survey data of 2005 has been analyzed in a previous study that concluded both less than five hours' or more than nine hours' shorter or longer than normal sleeping time increased the relative risk of stroke and cardiovascular disorders. 8 In a larger study, six year's sample of Americans show that longer than normal sleeping duration was related to the increase of stroke prevalence in both men and women over the age of 45, while in younger adults of 18-44 years of age, shorter than normal sleeping duration was significantly related to increase of stroke prevalence in women. 3 Ikehara et al. observed 98,634 Japanese participants for 14.3 years to a conclusion of 1,964 participants dying of stroke. The demographic factor, disease factor, and life style have been adjusted and compared to the group of seven hours' sleeping duration when more than ten hours' sleeping duration increased the mortal risk of ischemic stroke in both men and women. 9 Jiu-Chiuan Chen et al. observed 93,175 American women aged between 50-79 years for 7.5 years to find 1,166 cases of stroke onset in which the prevalence was significantly higher in the group of more than eight hours' sleeping duration compared to seven hours. 10 In addition, in the group of more than ten hours' sleeping duration the risk of stroke significantly increased as well as snoring and sleepiness. However, although the participants were perimenopausal the relative risk was compared without considering the distinct gender characteristic including involutional depression, existence of hormone replacement therapy, past medical history, etc., and did not discuss on the mechanism of women's sleeping disorder or risk of stroke.
Sleeping duration and cerebrovascular disease seem to influence each other through various mechanism.
According to Karine Spiegel et al. sleep deprivation causes functional metabolic disorder and leads to glucose shortage of the central nervous system and raises blood pressure. 11 Short sleeping duration is also significantly related to the rise of c-reactive protein which is a dangerous inflammation factor of the cardiovascular system.
12
When this state prolongs, related risk factors of cerebrovascular disease such as obesity, hypertension, and cardiovascular diseases can occur. Qureshi et al. confirmed that more than eight hours' sleeping duration is 50% more prone to stroke than normal sleeping duration through ten years of follow up observation. They suggested that sleep apnea related to long sleeping duration may decrease blood flow to the brain and increase intracranial pressure thus heighten the risk of stroke. 13 Cerebrovascular disease history can influence the sleeping duration,
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Martin-Merino problems related to sleep are suggested to be marked index of depression, and the deprivation of sleep can change one's mood and lower the quality of life. 20 Post-stroke depression is the most common neuropsychiatric complication of stroke survivors, 14 and is related to the decrease of the quality of life brought on by the change of sleep pattern, including impaired physical functions, decreased daily activity, insomnia, and increased napping. 15 21 In this study the change of stroke prevalence following the sleeping duration was more conspicuous in women than in men. Women are more sensitive emotionally and tend to dwell on stress. The reason women are emotionally vulnerable is mainly explained as the effect of female sex hormone. 22 23 Ovarian hormone affects the hypothalamic-pituitary-adrenal axis, which makes it difficult to control the reaction to stress. Korean female adults, especially middle-aged women, are influenced by the social and cultural factors. 24 Termination of sex role as a woman and separation with grown offspring, change of appearance by hormonal depletion all make perimenopausal women depressed. Repeated and chronic change of emotion can lead to change of sleeping duration or physical symptoms such as palpitation, chest pain, headache, etc.
22
The strong points of this study are that the population of this large-scale research is the people of Korea, and that the questionnaire is produced by trained professionals in a systematic fashion. In addition, various factors that can act as confounding variables in sleeping duration and stroke disease (age, sex, income, education, drinking, smoking, BMI, daily activity, bedridden state in the latest month, hypertension, diabetes, dyslipidemia, usual stress perception, depressive symptom, thought of suicide, psychiatric counseling) were adjusted. Nevertheless there were limits as well. The research using the data of the national health and nutrition survey is a crosssectional study, and it is a method of investigating the association between two factors at an arbitrary timeslot.
Thus inferring causality is impossible and only the association can be figured out. As mentioned above, stroke and sleeping duration seem to be influencing each other through various mechanisms. Another limitation is the fact that the national health and nutrition survey data is a self-questionnaire answered by the participants and that only stroke patients who are able to answer the questionnaire were included. Due to the characteristic of self-questionnaire bias can occur based on the individual's memory. Stroke patients admitted to hospitals or sanatorium are excluded. Death by stroke is excluded as well. Therefore there is a possibility of data omission of serious cases of stroke or stroke of the elderly.
CONCLUSIONS
Sleeping duration was significantly different according to sociodemographic characteristics such as age, sex, income, education, etc. in Korean adults. Illnesses such as hypertension, obesity, diabetes, dyslipidemia, etc.
tended to cause shorter or longer sleeping duration, and remarkable change of sleeping duration occurred when mental illness was present in both men and women. When adjusted for confounding factors such as sex and age, stroke prevalence was generally related with more than nine hours' sleeping duration. The mental health factor and sleeping duration showed distinct association, but mental illness did not cause stroke directly. However, when all the variables including mental health were adjusted, the group of more than nine hours' sleeping duration was more prone to stroke in women. In this study young adults with little concern of stroke were included, but in further research the middle-aged and elderly who are more vulnerable to stroke should be recruited to study the association between stroke and the overall sleep status including sleeping duration and the quality of sleep. Understanding the precise mechanism between stroke and sleeping duration will contribute to the advance of stroke treatment and management. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 o n l y 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Objectives: Although sleep, chronic disease, and its related mortality are extensively studied areas, 2 the association between stroke and sleep duration is relatively unknown. The aim of this study was to 3 investigate the association between long and short sleep duration and stroke prevalence. Outcome measures: Participants were divided into three groups by sleep duration (short: ≤6h/day; 8 normal: 7-8h/day; and long: ≥ h/day). Stroke prevalence in each sleep duration group was 9 compared using logistic regression analysis, and sociodemographic characteristics, medical history, 10 lifestyle habits and mental health factors were set as confounding variables. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
ARTICLE SUMMARY 1
Strengths and limitations of this study 2 * The present study analysis was based on the results of a nationwide survey conducted by trained 3 professionals in a systematic manner in a nationally representative sample of Koreans. 4 * The association between sleep duration and risk of stroke was investigated, adjusting for various 5 confounders. 6 * The inherent nature of cross-sectional design studies, however, precludes this study from 7 conclusively determining any potential causal relationships. 8 * Patient-reported outcomes are not free from recall bias, and serious stroke cases or cases in the 9 elderly may have been inadvertently overlooked. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
INTRODUCTION 1
Sleep is the daily process of recovering from a day's accumulated physical and mental fatigue and 2 takes up up to a third of our lives. 1 Determinants of sleep quality include quantitative factors such as 3 total sleep time, sleep onset latency and sleep maintenance (pertaining to sleep disruptions such as 4 arousals and awakenings), and quantitative factors such as depth of sleep and sleep satisfaction, and 5 both aspects are closely related with health, emotional state, and quality of and satisfaction with life. 2 
6
Ideal sleep should meet a quantity and quality of an average 7-9 hours/day of sound sleep. 3 
7
The
Economic Co-operation and Development (OECD) countries, respectively, and an 2.9 year increase 10 for men and women aged 60 years compared to 10 years previous. However, the average healthy life 11 expectancy, which is the life expectancy excluding disease duration, is discrepant at 64.9 years, and 12 the importance of shortening disease duration in the elderly and extending healthy life expectancy 13 through prevention, treatment, and management of adult diseases continues to rise. 4 Cerebrovascular 14 diseases are the 3 rd leading cause of death in Koreans, 5 6 and increased age is the largest risk factor 15 for stroke for both sexes. 7 
16
Along with physical changes, changes to sleep patterns are a part of the normal aging process. 17
According to earlier studies, short sleep duration is related to the onset of diabetes, obesity, 18 hypertension, coronary disease, and stroke, and this has been shown to lead to increased mortality.
8-

19
10 Further, the difference in mortality by sleep duration draws a U-shaped graph that grows higher on 20 both ends compared to the recommended sleep duration of intermediate range. This implies that 21 overly long sleep is also significantly associated with mortality. 9 10 In a 2014 study of sleep duration 22 and history of stroke in U.S. adults analyzed by sex and age, short or long sleep duration was shown 23 to significantly increase the onset of stroke compared to the group with normal sleep duration. 8 
24
However, the association between sleep duration and stroke prevalence may differ by cultural region 25 or ethnicity. 26
The association between sleep duration and stroke prevalence considering for age, sex and mental 27 health has not been reported in Koreans as of yet. The hypothesis of this study was that abnormal 28 sleep duration (short or long sleep duration) would be associated with higher stroke prevalence 29 compared to normal sleep duration in Koreans, similar to that seen in other studies. This study thus 30 Stroke patients were defined as individuals who answered "yes" to the health questionnaire item on 23 stroke asking "have you been diagnosed with stroke" to which the participants were asked to answer 24 either "yes" or "no." 25 26
Sleep duration 27
Average daily sleeping hours were written in a blank space in two digits by the hour, from 01 to 24. 
Sociodemographic variables 5
Sex was dichotomized into male and female, and age was assessed as a numerical value. Income 6 level was classified into quartiles (low, middle-low, middle-high, and high) by the equalized average 7 monthly household income (monthly household income/number of household members). Education 8 was classified into elementary school graduation or lower, middle school graduation, high school 9 graduation, and college graduation or higher. present. Indirect smoking was defined as "exposure to indirect indoor smoking at work or home for an 16 hour or more a day." Drinking habits was trichotomized into less than once a month, less than five 17 times a month, and five times or more a month. Lastly, daily activity was classified into the following 18 four categories: sedentary state, light activity, moderate activity, and heavy activity, according to the 19 amount of physical activity including such activities as walking and weight lifting during the week 20 immediately previous to the survey. 21
22
Medical history variables 23
Participants were queried on bed rest from illness for the past month, and current dyslipidemia, 24 diabetes, and hypertension prevalence. Participants were asked to answer either "yes" or "no" to 25 medical history items on specific medical conditions. The definition of diabetes included fasting blood 26 sugar disorder in this study, and hypertension was defined as "systolic blood pressure ≥140mmHg, 27 diastolic blood pressure ≥90mmHg, or medication intake for hypertension." 28 29
Mental health variables 30
Usual stress perception was considered to be high when the participant answered that he or she felt 31 "great stress" or "much stress," and to be low when the participant replied that he or she felt "little 32 stress" or "did not feel stress." Experience of depressive symptoms for two weeks or longer, thoughts 33 of suicide in the past year, and psychiatric counseling in the past year were divaricate through "yes" or 34 "no" answers. 35
36
Data analysis 37
KNHANES is a sample survey of the entire South Korean population that uses stratified cluster 38
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For peer review only -http://bmjopen.bmj.com/site/about/guidelines.xhtml BMJ Open   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r p e e r r e v i e w o n l y 7 sampling and weighted samples. The sampling plan of this study accordingly followed a multi-stage 1 complex sample probability design using stratified, clustered variables and weighting, and all analyses 2 were performed using SAS version 9.3 (SAS Institute Inc, Cary, NC, USA) statistics package with 3 p<0.05 set as statistically significant. Continuous variables were presented as mean and standard 4 deviation, and nominal variables as frequency and percentage (%). Difference in participant 5 characteristics by sleep duration was analyzed using Rao-Scott chi-square test (age was assessed as 6 a continuous variable and analyzed using analysis of variance (ANOVA). Multinomial logistic 7 regression analysis of the complex sample design adjusting for covariates was performed to assess 8 the association between mental health factors and sleep duration, and odds ratios and 95% 9 confidence intervals were calculated. 10 11
Ethics approval and consent to participate 12
All participants gave written informed consent before study participation, and participant information 13 was not shared with interviewers prior to the interview. The current study was carried out in 14 accordance with the Declaration of Helsinki. The protocol was approved by the Institutional Review 15
Board of Jaseng Hospital of Korean Medicine in Seoul, Korea (JASENG 2017-08-009). 16 17
Patient and Public Involvement 18
Patients and the public were not involved in development of the research question or outcome 19 measures, study design, or recruitment to and conduct of this study. There are no plans for the study 20 results to be disseminated directly to participants. 21
22
RESULTS
23
In the current analysis of 2010-2014 KNHANES data, a total of 17,601 adult participants aged ≥19 24 years were divided into the following 3 groups by sleep duration: n=7,369 (42%) sleeping six hours or 25 less (short sleep duration), n=8,918 (51%) sleeping 7-8 hours (normal sleep duration), and n=1,314 26 (7%) sleeping nine hours or more (long sleep duration). Stroke prevalence was 2% (n=360) in total 27 participants who had answered the health survey questionnaire. 28
Participant characteristics by sleep duration are presented in Table 1 . The mean age of participants in 29 the short sleep duration group was 47.9±16.0 years, and significantly higher than that of the normal 30 sleep duration group. Lower income and educational levels were more prevalent in the long sleep 31 duration group. Higher BMI values were more prevalent in the short sleep duration group, and lower 32 BMI scores tended to present at a higher frequency in the groups of normal and long sleep duration. 33
The group with 7-8 hour sleep duration showed higher frequency of 1≤ <5 sessions/month of alcohol 34 use, and higher frequency of light and moderate intensity activities compared to the short and long 35 sleep duration groups. Individuals regularly engaging in sedentary and high intensity activities 36 displayed a higher prevalence of ≥9 hour sleep. Participants who had required bed rest from illness 37 in the past month were more prevalent in the short sleep group than in the normal sleep duration 38
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For peer review only -http://bmjopen.bmj.com/site/about/guidelines.xhtml BMJ Open   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y group, and showed a higher prevalence in the short and long sleep duration groups compared to 1 healthy individuals. Participants with dyslipidemia, diabetes, and hypertension were more prevalent in 2 the short sleep duration group compared to participants without these medical conditions, respectively 3 (Table 1) . 4
Regarding mental health by sleep duration, both men and women in higher stress level groups slept 5 shorter hours, and most individuals in the group reported to be under less stress slept 7-8 hours. 6
Among individuals with depressive symptoms, thoughts of suicide, or psychiatric counseling, more 7 were in short or long sleep duration groups compared to individuals without these respective 8 conditions. However, men who had experienced depressive symptoms for ≥2 consecutive weeks did 9 not show differences between the ≤6 hour sleep and normal sleep duration group and instead 10 presented a high frequency in the ≥9 hour long sleep duration group, which was different from the 11 collective whole. Furthermore, the association between prevalence of women who received 12 psychiatric counseling and sleep duration was nonsignificant, unlike the collective whole and in men 13 (Table 2) . When all psychological factors were considered, no significant associations were observed 14 between stroke prevalence and psychological factors (Table 3) . 15 Table 4 presents the crude and adjusted odds ratios for risk of stroke by sleep duration with the 16 normal sleep duration group set as reference. The odds ratios were primarily adjusted for 17
sociodemographic characteristic variables (PR1). Secondary adjustments additionally included 18
lifestyle variables (PR2), tertiary adjustments added medical history variables to PR2 (PR3), and lastly, 19 quaternary adjustments covered mental health variables in addition to PR3 to consider all four 20 categories of confounding factors (PR4). In analysis of total participants, the long sleep duration group 21 indicated significantly higher OR values for stroke prevalence compared to the normal sleep duration 22 group upon adjusting for sociodemographic characteristic, lifestyle, and medical history factors 23 (OR=1.96, 95% CI 1.06-3.61). However, risk of stroke did not exhibit associations with sleep duration 24 despite adjusting for various confounding variables in men. Meanwhile, the long sleep duration group 25 maintained high OR values compared to the normal sleep duration group in all models from PR1 to 26 PR4 in adjustments for confounding factors in women. Of these results, the PR2 model that was 27 adjusted for sociodemographic characteristics and lifestyle factors and the PR4 model that was 28 adjusted for all variables exhibited statistically significant odds ratios for risk of stroke (OR=2.94, 95% 29 CI 1.21-7.17; OR=2.30, 95% CI 1.01-5.21, respectively) ( Table 4) . 30
31
DISCUSSION 32
These study results show that sleeping for nine hours or longer was partially associated with higher 33 stroke prevalence compared to normal sleeping duration of 7-8 hours upon adjusting for confounding 34 factors. Especially in stratified analyses of men and women, while associations between sleep 35 duration and stroke prevalence were nonsignificant in men, long sleep duration and higher stroke 36 prevalence exhibited associations in women following adjustment for covariates. 37
Previous studies have shown that decreased sleep duration and quality of sleep is related to mental 38 and physiological problems, which may affect metabolism and endocrine and immune systems and 39
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3
In the multivariate model adjusted for age and sex in this study, the ≤6 hour sleep group and ≥9 hour 4 sleep group similarly indicated higher stroke prevalence compared to the 7-8 hour sleep duration 5 group. Moreover, with short or long sleep duration, prevalence of chronic diseases closely related to 6 lifestyle such as depression, obesity, coronary heart disease, and total cardiovascular disease, and 7 all-cause mortality has also been shown to increase. This trend was consistently observed across 8 several studies irrespective of nationality or ethnicity. 9 12 9
While the association between sleep duration and onset of stroke has been demonstrated in several 10 large-scale population-based studies, the relationship in terms of sex and age has not yet been 11 established due to the inconsistency of previous study results. A U.S. study on sleep duration and 12 cardiovascular disease which analyzed 2005 National Health Interview Survey data in a nationally 13
representative 1-year sample concluded that both ≤6 hours and ≥8 hours of sleep were associated 14 with an increased likelihood of cardiovascular disease including stroke. 13 A larger study conducted in 15 a 6-year sample of U.S. adults to the aim of assessing the association between sleep duration and 16 history of stroke revealed that while long sleep duration was related to increased stroke prevalence in 17 men and women aged ≥45 in this population, shorter sleep duration was significantly related to 18 increased stroke prevalence in women among younger adults aged 18-44. 8 
Ikehara et al. observed 19
98,634 Japanese participants over a course of 14.3 years during which 1,964 participants died of 20 stroke. Comparison of the group which slept seven hours a day with ten hours or more a day, 21 adjusting for demographic characteristic, disease, and lifestyle factors, indicated that long sleep 22 duration increased the mortality of ischemic stroke in both men and women.
14 In a cohort study by 23
Chen et al., 93,175 American women aged between 50-79 years were followed-up for 7.5 years, and 24 it was discovered that stroke prevalence was significantly higher in the group of ≥8 hours' sleep 25 duration compared to 7 hours' in the 1,166 cases of stroke onset. 15 In addition, risk of stroke 26 significantly increased along with snoring and excessive sleepiness in the group of ≥10 hours' sleep 27 duration. However, although participants were perimenopausal due to the selective age range, risk of 28 stroke was examined without considering for inherent sex and age characteristics including 29 involutional depression, hormone replacement therapy and past medical history, and the study failed 30 to delineate possible mechanisms explaining the association between sleeping disorders and 31 increased likelihood of stroke in women. 32
Sleep duration and cerebrovascular disease appear to hold associations through a number of 33 different mechanisms. According to Spiegel et al., sleep deprivation causes functional metabolic 34 disorder and leads to glucose shortage of the central nervous system which consequently raises 35 blood pressure. 16 Short sleep duration is also significantly related to elevated c-reactive protein, which 36 is an indicator of acute inflammation including that of the cardiovascular system. 17 When this state is 37 ≥8 hours' sleep duration were approximately 50% more susceptible to stroke than those with normal 3 sleep duration through 10 years of observation. This study also purported that sleep apnea related to 4 long sleep duration may decrease blood flow to the brain and increase intracranial pressure, thus 5 heightening risk of stroke. 18 The association between history of cerebrovascular disease and sleep 6 duration appears to be bidirectional, with cerebrovascular disease affecting sleep duration and vice 7 versa. Stroke patients have been reported to suffer from sleep disorders caused by related symptoms 8 and conditions such as fatigue, pain, and depression.
19-21 In a study conducted by Pasic et al. in 9 approximately 200 stroke patients, 78% complained of sleeping disorders, and among them acute, 10 hemorrhagic, and right hemisphere stroke cases were found to be more prone to sleeping disorders. 22 
11
Prolonged central post-stroke pain was also shown to impede quality of life, emotions, sleep, and 12 social functioning. 23 
13
There is a noted increase of research on the frequency of depressive disorders following the onset of 14 stroke. Depression has been reported to be significantly related to both short and long sleep 15 duration. 24 Post-stroke depression is the most common neuropsychiatric complication in stroke 16 survivors, 19 and reportedly attributes to low quality of life through impairment of physical function, 17 restrictions in daily activity, and altered sleep patterns including insomnia and increased napping. 
18
In this study, the difference in stroke prevalence associated with sleep duration was more 19 conspicuous in women than in men. Although its cross-sectional design precludes the study from 20 drawing any clear causal relationships, associations between sleep duration and stroke prevalence 21 may be indirectly drawn based on differences in the female hormonal profile. Women may be more 22 emotionally sensitive and aware of stress, and spend more time focusing on the cause of stress 23 compared to men, 26 27 and the frequency of sleep disorder symptom complaints and depression also 24 tends to be higher.
28-30 Moreover, de Zambotti et al. reported that the nighttime heart rate of 25 perimenopausal women with insomnia is significantly higher in the follicular and luteal phases 26 compared to ovulatory and menstrual phases, and confirmed that this may act as a risk factor for 27 insomnia and cerebrovascular disorders. 31 It may be inferred from these results that the hormonal 28 change in middle-aged women affects the autonomic nervous system which controls and regulates 29 homeostasis, exposing women to higher risk of insomnia and cerebrovascular disorders. 30
The KNHANES data used in this study will inherently have been influenced by the sociocultural 31 environment in Korea. Depression in Korean middle-aged women has been partially ascribed to 32 termination of the traditional female role and gender identity, the economic independence of 33 previously dependent children and change in appearance from hormonal depletion, 32 and repeated 34 episodes and chronicization of these emotional changes may lead to disturbances in sleep patterns or 35 physical symptoms such as heart palpitations, chest pain, and headaches. 30 However, the negative 36 social perspective of psychiatric disorders and general lack of understanding of psychiatric counseling 37 and medication is a major obstacle to patients seeking medical help in Korea. 33 It is conjectured that 38 such social norms factored into the low use of psychiatric care reported in this survey. 39 the South Korean population, and that KNHANES adopted a year-round investigation system as of 2 July 2007 and with it trained teams of professional investigators -including nurses, nutritionists, and 3 public health professionals -for reliable survey investigation. The professional investigators were 4 stationed at mobile examination centers following completion of 2-4 weeks of educational and 5 supervised practical training sessions. As these professional investigators continued to receive 6 regular retraining sessions to reinforce protocols and measurement techniques (7sessions/year) and 7 investigation performance was maintained through on-site quality control, although the survey items 8 are self-reported, the dataset is construed to be of higher reliability than other comparable self-report 9
surveys. In addition, various factors that can act as confounding variables for sleep duration and 10 stroke (age, sex, income, educational level, drinking, cigarette smoking, BMI, daily activity, bed rest in 11 the past month, hypertension, diabetes, dyslipidemia, usual stress perception, depressive symptoms, 12 thoughts of suicide, and psychiatric counseling) were adjusted for. Nevertheless, there were various 13 limitations to the study as well. Studies using KNHANES data are cross-sectional due to the inherent 14 nature of the dataset, and as such related studies are able to investigate the potential association 15 between two factors only within an arbitrary timeslot, and not longitudinally. Thus, inferring causality is 16 not possible in this study design and only associations may be deduced. As mentioned above, it 17 appears that stroke and sleep duration hold a mutually influential relationship through a variety of 18 pathways and mechanisms. An added limitation is as the KNHANES health interview survey dataset 19 is compiled through self-report questionnaires, only non-institutionalized stroke patients who are 20 capable of answering the questionnaire unassisted were included. Also, self-reporting in 21 questionnaires renders them susceptible to recall bias due to subjectivity and poor memory, and 22 possible misapprehension of symptoms mimicking stroke from such disorders as epilepsy, brain 23 tumors or migraines.
34 35 Stroke patients admitted to hospitals or sanatoriums, and deaths from stroke 24
were also excluded from this study population. This study therefore holds the potential limitation of 25 inadvertent data omission of serious stroke cases and stroke in elderly, institutionalized populations. 26
Further, while the study would have benefited from additional assessment of sleep apnea and intake 27 of such agents as sedatives and stimulants which may affect both sleep duration and stroke 28 occurrence, KNHANES data did not include such items and thus limited more comprehensive 29 assessment of the association between sleep duration and stroke prevalence. 30
31
CONCLUSIONS 32
Sleep duration exhibited significant differences by sociodemographic characteristics and medical 33 history in Korean adults. Conditions such as hypertension, obesity, diabetes, and dyslipidemia were 34 associated with short and/or long sleep duration, and sleep duration displayed distinct differences in 35 presence of psychological factors in both men and women. Stroke prevalence was partially related 36 with ≥9 hours' sleep duration when adjusted for confounding factors. While mental health factors and 37 sleep duration revealed associations, mental health conditions were not directly associated with 38 stroke. However, when variables including mental health were adjusted for, women with sleep 39
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Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based 10 *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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